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PREFACE 
There are growing concerns that human activities may lead 
to global climatic changes. Particular concern is associated 
with the release of carbon dioxide into the atmosphere, in the 
future above all from the burning of coal. fluestions of the 
physical effects of different energy policies on climate have 
been investigated during the last few years under IIASA's Energy 
Systems Program. More recently, research in the Resources and 
Environment (REN) Area of IIASA has focused on the relationships 
of short-term climatic variability and longer term climatic change 
to human activities, for example, in the agricultural sector. 
In March of 1980, informal discussions among Jesse Ausubel, 
and Ingolf ~tshl, John Lathrop and Jennifer Robinson of the 
Management and Technology (MMT) Area led to the idea that gaming 
might offer an integrative method for study of the overall prob- 
lem, from causes, through physical changes, to environmental, 
economic, and societal effects. At present, a collaborative 
effort is underway among REN and MMT to develop two prototype 
games, one a board game with primarily an educational purpose, 
and one an interactive computer game which is seen primarily as 
a research tool. The board game is intended to be useful for an 
audience which is non-technical or begins with quite limited 
familiarity with the C 0 2  issue. In view of this objective, the 
following Working Paper sketches the overall C02 question in 
simple terms, describes some basic elements of a board game, and 
offers an annotated bibliography. Another Working Paper, "An 
Interactive Model for Determining Coal Costs for a C02-Game," 
(WP-80-154) describes the logic and a possible framework for parts 
of the computer game. The project as a whole is described in a 
Working Paper entitled "Carbon and Climate Gaming" (WP-80-152) . 
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C02: AN INTRODUCTION AND POSSIBLE BOARD GAME 
Jesse Ausubel 
I .  A SKETCH OF THE C02 ISSUE* 
The carbon atom is obviously very valuable. Carbon has a 
rare capacity to be stored in forms whose transformation releases 
energy. At the broadest, and also the profoundest, level the 
question of carbon dioxide and climatic change is the problem of 
the prudent long-term management of the Earth's carbon wealth. 
Of course, carbon is abundant on the Earth. Indeed, there 
is carbon everywhere (see Figure 1). There is a vast reservoir 
of carbon in the oceans. There are two large reservoirs of car- 
bon in the biosphere, one in the biota, primarily in forests, 
and one in the soil. There are enormous reservoirs of carbon 
concentrated in the form of fossil fuels: oil, gas, and especially 
coal. There is also a large, diffuse, but quite sensitive reser- 
voir of about 700 Gigatons of carbon in the atmosphere in the 
form of carbon dioxide. 
There is a natural or extra human circulation of carbon among 
these different reservoirs, particularly through photosynthesis 
and oxidation. Tracing the flows between the different reservoirs 
opens a biogeochemical perspective on the.cycle of carbon. Such 
a biogeochemical perspective takes a kind of corporate view of the 
Earth. The various chemical reservoirs of the Earth are observed 
as comparable to the organs in a person's body. The problem being 
addressed here is that human activities are apparently feeding 
carbon into the circulation faster than the ability of the Earth's 
* ~ t  should be emphasized that this is a simplified account 
of the issue. There is uncertainty, controversy, and disagreement 
about each aspect of the C02 question and how the aspects fit 
together. 
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F i g u r e  1 .  E x c h a n g e a b l e  c a r b o n  r e s e r v o i r s  a n d  f l u x e s .  ( S o u r c e :  A f t e r  U.S. D e p a r t m e n t  
of E n e r g y ,  1980 ,  a d j u s t e d  w i t h  e s t i m a t e s  b y  Hampicke,  1980 ,  a n d  A u s u b e l ,  1 9 8 0 . )  
o r g a n s  t o  d i g e s t  o r  m e t a b o l i z e  it. Normally, t h e  atmosphere 
r e c e i v e s  carbon and p a s s e s  it a long  t o  t h e  b i o s p h e r e  and t h e  
oceans  a t  r a t e s  which m a i n t a i n  a r e l a t i v e l y  c o n s t a n t  chemical  
composi t ion  f o r  t h e  atmosphere.  With t h e  e x i s t e n c e  o f  l a r g e -  
s c a l e  t r a n s f o r m a t i o n s  o f  ca rbon  by human a c t i v i t i e s ,  t h e  s i z e  
o f  t h e  a tmospher ic  r e s e r v o i r  i s  growing. Once it grows, it can  
o n l y  d i mi n i sh  a g a i n  s l o w l y ,  because  o f  t h e  l i m i t e d  me tabo l i c  
r a t e s  o f  t h e  b i o sp h e r e  and oceans .  I n  f a c t ,  t h e  a tmospher ic  
r e s e r v o i r  has  been growing more and more r a p i d l y .  
T h i s  growth i s  something which i s  d i r e c t l y  measured,  i n  
c o n t r a s t  t o  many o t h e r  a s p e c t s  o f  t h e  C02 q u e s t i o n .  For example, 
F i g u r e  2 shows t h e  t r e n d  i n  a tmospher ic  c o n c e n t r a t i o n  o f  C02 
a t  a  c l e a n  a i r  s t a t i o n  i n  Hawaii.  The s h o r t  c y c l e  i n d i c a t e s  
t h e  annua l  up take  and r e l e a s e  of carbon  by t h e  p l a n t s  and f o r e s t s  
o f  t h e  n o r t h e r n  hemisphere .  S i n c e  1958, t h e  ave r age  c o n c e n t r a t i o n  
h a s  r i s e n  by more t h a n  20 p a r t s  p e r  m i l l i o n .  When one t h i n k s  o f  
t h e  s i z e  o f  t h e  a tmosphere ,  t h i s  i n c r e a s e  i s  q u i t e  s t a g g e r i n g .  
Indeed,  C02 i s  perhaps  t h e  most prominent  c a s e  o f  p o l l u t i o n *  o r  
e m i s s i o n s  on a t r u l y  g l o b a l  s c a l e .  The c l a s s  o f  g l o b a l  env i ron-  
menta l  problems i n  f a c t  remains  q u i t e  s m a l l .  
W e  a r e  a l l  t o o  accustomed t o  t h e  p r e sence  o f  s e v e r e  l o c a l  
p o l l u t i o n ,  f o r  example, i n  c i t i e s ,  b u t  it i s  o f t e n  p o s s i b l e  t o  
a v o i d  by a s h o r t  move t o  a  new l o c a t i o n .  I n  r e c e n t  y e a r s ,  long- 
range  t r a n s p o r t  o f  p o l l u t a n t s  l i k e  s u l f u r  d i o x i d e  h a s  caused 
concern  a t  t h e  r e g i o n a l  l e v e l .  S i m i l a r l y ,  dumping of  was t e s  
and r e s i d u a l s  i n  t h e  oceans  h a s  begun t o  c ause  vex ing  problems 
a t  t h e  r e g i o n a l  l e v e l ,  f o r  example, i n  t h e  Medi te r ranean .  Few 
i n d i v i d u a l s  o r  n a t i o n s  a r e  now e s c a p i n g  t h e  e f f e c t s  o f  such 
r e g i o n a l  problems.  With C02 t h e  a d d i t i o n s  o f  r e s i d u a l s  a r e  
p o t e n t i a l l y  s o  l a r g e  and t h e  mixing i n  t h e  a tmosphere  s o  thorough 
t h a t  we f a c e  t h e  p r o s p e c t  of  a  g l o b a l  env i ronmenta l  change,  one  
which w i l l  i n e v i t a b l y  a f f e c t  a l l  n a t i o n s ,  a l t hough  i n  a  v a r i e t y  
o f  d i f f e r e n t  ways. C02 i s  a n  i s s u e  o f  t h e  g l o b a l  commons. 
Because it may be r e p r e s e n t a t i v e  o f  a  growing c l a s s  o f  problems,  
C02 becomes o f  even more i n t e r e s t  t h a n  it o t h e r w i s e  might  be .  
To r e t u r n  t o  t h e  p h y s i c a l  background o f  t h e  problem, t h e  
r e a s o n  t h e  a t m o sp h e r i c  r e s e r v o i r  h a s  been growing more and more 
r a p i d l y  i s  s imple :  more and more ca rbon  i s  b e i n g  burned and t h u s  
r e l e a s e d  i n t o  t h e  atmosphere a s  CO . T h i s  i s  l a r g e l y  because  o f  
i n c r e a s i n g  demand f o r  energy  from f o s s i l  f u e l s .  F i g u r e  3 shows 
how r a p i d l y  f o s s i l  f u e l  consumption h a s  i n c r e a s e d  o v e r  t h e  p a s t  
c e n t u r y .  I n  1880, combustion was abou t  .2 Gigatons  ( G t  = l o 9 ,  
o r  b i l l i o n ,  metric t o n s )  o f  c a rbon ,  i n  1920 1 G t ,  i n  1950 2 G t ,  
and i n  1980 o v e r  5 G t .  Combustion o f  ca rbon  th rough  bu rn ing  o f  
f o r e s t s  and c l e a r i n g  of  l a n d  f o r  a g r i c u l t u r e  may a l s o  have been 
a n  i m p o r t an t  c o n t r i b u t o r ,  b u t  it cannot  a ccoun t  f o r  t h e  p o t e n t i a l  
d r a s t i c  a tmospher ic  changes  abou t  which w e  a r e  most concerned.  
The ca rbon  w ea l t h  i n  t h e  b io sphe re  a v a i l a b l e  f o r  t r a n s f o r m a t i o n  
t o  ca rbon  d i o x i d e  i s  u l t i m a t e l y  q u i t e  l i m i t e d .  The f o r e c a s t s  by 
*It i s  n o t  a l t o g e t h e r  c o r r e c t  t o  speak o f  C02 a s  a  " p o l l u t a n t , "  
because  i t s  e f f e c t s  a r e  n o t  n e c e s s a r i l y  d e s t r u c t i v e .  

YEAF. 
F i q u r e  3 .  C 0 2  p r o d u c t i o n  f r o m  f o s s i l  f u e l  c o m b u s t i o n .  
( S o u r c e :  U.S. D e p a r t m e n t  o f  E n e r g y ,  1 9 8 0 . )  
several groups, from IIASA, the US Academy cf Sciences, and Oak 
Ridge National Laboratories, which show a doubling of the C02 in 
the atmosphere in the next 50-100 years do so on the basis of 
continuing increases in fossil fuel use. It should be pointed 
out that groups which do not forecast increased fossil use, for 
example, Friends of the Earth, also do not anticipate a C02 prob- 
lem. 
How more precisely would a doubling come about? Table 1 
shows a hypothetical carbon economy projected for the next hundred 
years. Keep in mind there are now about 700 Gt of carbon in the 
atmosphere. According to this projection, sometime before the 
year 2060 human activities will have resulted in the addition of 
a roughly equal amount of carbon which remains in the atmosphere. 
Because the fraction of carbon remaining airborne is only about 
SOX, a gross consumption of about 1500 Gt of carbon is needed to 
achieve such a doubling. Some of this very large amount of car- 
bon may come from forests and other biospheric sources, but the 
overwhelming portion will come from fossil fuels. Indeed, the 
level of exploitation required of carbon from fossil fuels over 
the next 80 or so years is somewhat more than 1000 Gt. In other 
words, the C02 problem projected here requires that we use fossil 
carbon in the next 80 years which would last about 200 years at 
present consumption rates. 
While the numbers involved are imposing, it can be seen from 
Table 2 that there is an ample supply of fossil carbon, seven 
times the demand suggested above. From a global perspective, 
when one considers growth in population and demands for industrial 
development, it is certainly plausible that a C02 problem will 
accompany the economy many seek for the next century. However, 
the potential role for various fuels and regions is dramatically 
different. A carbon dioxide problem, should it occur, will be 
brought about only if there is large scale exploitation of coal 
in a few regions, above all, in the USSR, US, and China. It 
should be noted that addition of estimated unconventional gas and 
oil resources does not change this situation. They are still 
relatively small in quantity, and, moreover, tend to be found in 
the already coal-rich regions. 
Why is there anxiety about carbon dioxide in the atmosphere? 
There are two parts to the answer. First, carbon dioxide is a 
so-called "greenhouse" gas. It is nearly transparent to visible 
light, or incoming radiation from the sun. However, it is a 
strong absorber of infrared radiation in the wavelengths where a 
considerable proportion of the outgoing radiation from the Earth's 
surface is transmitted back to space. Thus, C02 has the capacity 
to trap heat and raise the temperature of the lower atmosphere. 
In other words, changing the concentration of C02 can change the 
climate. 
Secondly, it should be noted that C02 has direct biological 
effects. Changing concentrations of C02 can alter the productiv- 
ity of agricultural crops, forests, weeds, and other biota regard- 
less of whether the climate changes. From an optimistic perspec- 
tive, elevating the concentration of C02 may fertilize the atmo- 
sphere. 

Table 2. Carbon wealth. 
World 
reserves a 
Fuel form1 plus 
Region I I I Ill IV V VI  VII  World resources b 
CARBON WEALTH IN RESERVES IN GT 
Coal 126 100 99 7 31 - 69 432 
Oil 4 9 3 5 5 4 5  2 7 3 
Gas 4 12 3 1  2 1 1 -  3 3 
Total 
resewes 134 121 105 13 38 66 71 538 
CARBON WEALTH IN RESOURCES IN  GT 
- 
Coal 1,760 3,500 520 23 120 - 1,000 6,900 7,300 
-- - I I 
Oil 23 38 13 19 17 89 10 209 1 282 1 
Approximate I I 
Gas 23 3 1 8 8  6 4 1  5 122 
total resources I I 
155 
al l  fuels 1,810 3,600 540 50 140 130 1,000 7,200 17,700 1 
I I -
Approximate 
total reserves 
and resources 1,940 3,700 650 63 180 200 1,100 7,700 
Region I (NA) North America 
Region II (SUIEE) Soviet Union and Eastern Europe 
Region I II (WEIJANZ) W. Europe, Japan, Australia, New Zealand, S. Africa, Israel 
Region IV  (LA) Latin America 
Region V (AfISEA) Africa (except N. Africa & S. Africa), S. & S.E. Asia 
Region VI  (MEINAf) Middle East and Northern Africa 
Repion VI I  (CICPA) China and Centrally Planned Asian Economies 
u 
"Reserves" are geologically and geographically identified 
resources that are economically and technically recoverable and 
producible under present conditions or under conditions that are 
expected to prevail in the near future. 
b"~esourcesll can be of two types: identified resources that are 
presently considered nonproducible for economic reasons; or 
those portions of a given resource that are not identified but 
surmised to exist. 
SOURCE: Ausubel (1980). 
While concern about C02 can be easily understood, why does 
this concern often focus on a doubling of C02? Partly this level 
is arbitrary, just a convenient number. Partly this level is 
chosen because it appears to be clearly above the threshold of 
natural variability of climate during human history. In some 
periods of our history the global climate has been slightly 
warmer, and in some slightly cooler. A doubling of C02 appears 
likely to take us out of the usual range of variability on human 
time scales of about 1°C global average. With a doubled concen- 
tration of C02 the average surface temperature has most often 
been calculated to rise between 20 and 3.50C. The full range 
includes estimates of warming which are more drastic as well as 
ones which are milder. A warming of 2O or 30C may still sound 
small in absolute terms, or when compared to the change between 
seasons. However, on a long-term basis such an alteration of 
the climate system is enormous. It might, for example, involve 
dissolution of the sea ice in the northern polar regions, ice 
which has been present for millions of years. So, with a doubling 
major changes are in prospect, at least from an environmental or 
geophysical standpoint. 
Can the climatic changes be specified in more detail than a 
20 or 30C global average warming? There are many researchers 
around the world studying this question, some using numerical 
models of the climate system, others using primarily historical 
climatology. The results of even the most sophisticated approaches 
are always described as highly tentative. They should not be 
taken as more than illustrative of the magnitude of changes which 
are possible. For physical reasons, the results about temperature 
change seem more reliable than those about shifts in rainfall. 
Various kinds of maps are being produced. The first map 
(Figure 4) shows temperature changes associated with a doubling 
of atmospheric C02. It is the result of a computer simulation 
with a general circulation model of the atmosphere by a numerical 
modeling group at Princeton University. While the model does not 
have realistic geography, it does give estimates of average changes 
according to latitude. The changes are relatively small at the 
equator and dramatically large at the pole. The average annual 
change near the North Pole is 1loC. At the latitude of northern 
Norway, it is about 70C. At the latitude of Stockholm, Helsinki, 
and Leningrad it is about ~ O C .  At the latitude of Vienna the 
warming is about 3OC. One may speculate whether people from 
Nordic or alpine areas will find the thought of such a warming 
appealing. Some Swedes might like to have the climate of Italy, 
and as many Austrians may enjoy the added warmth as regret dimin- 
ished skiing opportunities. Alas, at the latitude of Cairo it is 
still warming by 20C, and most Egyptians seem likely to say it is 
already hot enough. 
The next Figure ( 5 )  is a map of rainfall changes constructed 
using analogue methods by Serqin of the Institute of Geography in 
Vladivostok. While this map is for a warm period in comparison 
with recent times, it is not based on an atmospheric response 
specifically to an increase in C02. One commonly displayed map 
of precipitation changes (by Kellogg) shows rather frightening 
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Figure 4. Temperature change (OC) due to doubling C02 concentrations. (Source: 
Manabe and Wetherald, 1975.) 
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Figure 5. Estimate of the average annual precipitation field 
for a warm climatic period, in comparison with recent 
times. In areas marked with broken lines, the amount 
of precipitation increases; in areas marked with dots, 
the amount of precipitation decreases; and in areas 
which are blank, the amount of precipitation is 
unchanged. (Source : Sergin, 19 80. ) 
decreases in rainfall in several major grain producing areas. 
Sergin's results are more sanguine. For example, there is an 
increase in rainfall in the Ukraine. In the Sahel, the southern 
edge of the Sahara, one of the world's most drought-stricken 
areas, there is also an increase in rainfall. In contrast, many 
already arid areas, for example, Iran and Egypt, become drier. 
It also becomes drier in parts of Hungary, in Ireland, and in 
the Bordeaux and Loire regions of France. 
As the casual speculations above begin to suggest, there is 
no well-defined process for translating climatic changes into 
effects on agriculture and economy and into societal responses. 
The point of maps with the level of uncertainty that these have 
is largely that climatic change is likely to have important 
distributive implications. Some regions will find themselves 
with more favorable climates, others with less favorable climates. 
Indeed, distributive issues could well be of great importance, 
both among regions and nations and among groups within a geo- 
graphical area. In the same area, for example, one can easily 
imagine some industries flourishing because of climatic change 
and others stagnating. At the same time that the possibility of 
benefits must be emphasized, it should also be stressed that areas 
or sectors in which major changes take place will probably face 
considerable adjustment costs, regardless of whether the new 
situation appears ultimately to be more favorable. 
In the context of these general comments and with a reminder 
that many unexpected consequences may follow from environmental 
changes, it is still possible to identify several sectors for 
major impacts with some confidence. Agriculture is obviously 
most prominent. There could be significant changes in the pro- 
duction potential of many areas as a result of climatic shifts. 
At the same time, C02 enrichment of the atmosphere increases the 
ratio of photosynthesis to transpiration; a 1 0 %  increase in water 
use efficiency could come with a doubling of C02. C02 may also 
affect the yield of usable product from plants. While the last 
two factors mentioned may be favorable, climatic change seems 
likely to create significant risks with respect to protection of 
plants from pests and pathogens. Absence of frosts and cold 
winters could mean proliferation of pests. The net effect of C02 
and climatic change on agriculture and the dynamic response through 
time are extremely difficult to foresee. 
With respect to quantity and quality of water resources, 
effects are again very likely, but difficult to specify in a 
credible way. The situation is similar for forests and fisheries. 
One may expect effects on migration, on human health. For example, 
one recent hypothesis is that very large increases in C02 accelerate 
the process of aging. (This seems a particularly appropriate and 
intuitively correct fate for mankind!) Will the various effects 
interact and increase world conflict? Will they be a negligible 
addition to the already enormous problems of world development? 
Will they be beneficial? Arguments are made for all these possi- 
bilities. 
Nhile the overall outlook with regard to the impacts of 
climatic change is mixed and extremely uncertain, it musi:. be men- 
tioned that there is one catastrophic possibility associated with 
a large warming. This is a collapse of the West Antarctic Ice 
Sheet, leading to a rise in sea level of about 5 meters. Some 
experts argue that such a collapse could occur in a few centuries. 
A sea level rise of the amount mentioned would probably mean the 
elimination through submergence of the Netherlands and Bangladesh, 
and the inundation of much of the Nile valley, Florida, and Wash- 
ington D.C. While there may be ambivalence to several of the im- 
pacts of climatic change, many people are likely to regard the 
disappearance of a country as an unacceptable outcome for world 
energy policy, even if it is a dozen generations in the future. 
Before concludina this sketch, it is necessary to reiterate 
that these are the pieces of a puzzle which may--or may not--fit 
together. Among others, there are major uncertainties with 
respect to : 
-- future rates of introduction of C02 into the atmosphere 
from fossil fuel combustion; 
-- the global carbon cycle, and prediction of levels of 
C02 remaining in the atmosphere for various amounts 
injected; 
-- the timing and geographical distribution of climatic 
changes due to increased atmospheric C02-levels; 
-- the effects of climatic changes and increased C02 levels 
on the environment and human activities, in particular, 
agricultural production; 
-- economic and political responses to possible climatic 
effects. 
What does seem certain is that the C02 issue raises a fun- 
damental question of the responsible management of the Earth's 
carbcn wealth. The burning of carbon clearly has benefits in 
the form of energy release. However, carbon concentrated in fos- 
sil fuels, as well as carbon stored in the form of trees and soil, 
also form an important part of the Earth's endowment. Altering 
the distribution of carbon among the reservoirs, particularly by 
reducing the amount underground and in the biosphere and trans- 
ferring it to the atmosphere, appears to be an inevitable aspect 
of man's economic activity. However, the rate at which this is 
done is not inevitable. It appears prudent now, when we are still 
potentially at the beginning of the age of massive carbon exploi- 
tation, to consider carefully the rate at which carbon resources 
should be transformed. Whether climatic change appears to be 
costly or beneficial, from this perspective C02 is a challenging 
item for consideration on the agenda of global development. 
The picture presented here has been intended primarily as an 
introduction to the game approach which follows. Indeed, this 
approach may be a more effective way of conveying the same infor- 
mation. Readers interested in pursuing particular aspects of the 
issue in more detail are referred to the annotated bibliography 
at the end of the paper. 
2. A CARBON AND CLIMATE BOARD GAPE* 
From the previous discussion of the C02 question it is clear 
that the issue is a complex one. There are many aspects of the 
physical problem which must be grasped; there are inherent 
strategic factors in the creation of the problem, if it should 
come to be; there are important behavioral questions in assessing 
risk and response. Is there a method of familiarizing people 
with such a complex issue, a method more sympathetic and effective 
than trying, for example, to make students read government reports, 
or make government officials read academic papers? One possible 
device for accomplishing this is a board game, a format known to 
most people through games such as "Monopoly." 
Shortcomings of education and misunderstanding in both the 
public and the technical community are often among the reasons 
cited for the absence of broadly acceptable solutions with respect 
to nuclear energy. At present, C02-induced climatic change does 
not seem likely to arouse the concern that nuclear risks do. 
However, it is clear in recent years from books, magazines, and 
television programs that alarm can quickly arise about possible 
human modification of climate and weather. It seems desirable 
to encourage responsible consideration of the carbon dioxide 
issue now, rather than in an atmosphere of polarization and anger. 
It is easy to imagine such an atmosphere in 5 or 10 years (if not 
sooner) at a moment when an unusually severe drought somewhere in 
the world might coincide with reports of the finding of a "C02 
signal" in the climate. Thus, development of a sound board game 
which might be widely disseminated in high schools and universities, 
as well as in the communities more directly involved in research 
or policy related to C02, could be a constructive contribution to 
the public debate on energy. 
There are three basic objectives which an educational board 
gzme can fulfill. It can: 
-- organize an issue with a complex structure in a simple, 
efficient, and readily comprehensible format; 
-- inform people about a relatively large and diverse body 
of specific information in a short period of time; 
-- serve as an attractive basis for structured discussion. 
With respect to the first objective, a variety of basic 
concepts relating to C02 might be embodied successfully in a 
board game. These structural concepts include the following. 
*The underlying logic for a gaming approach to the C02 issue 
is described in the Working Paper entitled "Carbon and Climate 
Gaming" (WP-80-152) . 
-- The C02 situation is a potential tragedy of the commons, 
a problem of abuse of common property resources. Use 
of the atmospheric common for waste d-isposal by many 
nations may collectively lead in the extreme case to 
widely shared, climate-induced tragedy. 
-- There is great uncertainty. There are uncertainties in 
the carbon cycle, in climate modeling, in assessing the 
impacts of climatic change, in linking these together. 
No single credible estimate of the risk of C02 will be 
forthcoming. 
-- There is likely to be a mixture of effects, some good, 
some bad. It is extremely hard to predict for any group, 
region, or the world as a whole, what the net effect will 
be. Indeed, it appears that the distribution of effects 
may be of greater importance than the net global effect. 
-- There are long delays and a question of irreversibility. 
Decisions about energy policy leading to C02 emissions 
are taken decades before the emissions accumulate. Steps 
to prevent or diminish the environmental changes probably 
need to be taken well before the effects become prominent. 
If we wait a long time to evolve a policy, the only option 
we may have is adaptation. 
-- It is a multidisciplinary research proble~. It is not a 
problem which atmospheric scientists, or ecologists, or 
economists can successfully analyze in isolation. 
These themes will determine the structure of the board and 
the rules of the game and should become clear to the player in 
the course of play. Other specific information will be imparted 
directly through verbal or graphic means. The reader is referred 
to the list of board spaces which follows to gain a sense of some 
potential areas which might be dealt with. It is clear that the 
board format allows for very limited presentation of written in- 
formation, and this introduces a danger of oversimplification. 
Great care will have to be taken in offering information which 
is significant and not misleading. 
While certain concepts and information will be conveyed 
directly as a result of the structure and specific contents of 
the board, there is a third, indirect benefit which arises from 
the gaming approach. This relates to eliciting discussion on the 
basis of the actual playing of the game. One of the needs in the 
C02 question is a flexible method of scenario generation and 
exploration. As has been suggested, many futures, many resolu- 
tions are possible with the C02 question. It seems premature 
with the current level of uncertainty to try to elaborate in 
great detail one or two particular futures. If it becomes appar- 
ent that the number of paths nature may follow is being reduced, 
then it may be worthwhile to invest a large effort in describing 
thoroughly some particular outcome. At present, it is more 
appropriate to try to develop frameworks for integrating the 
issue and lay out the wide range of possible outcomes. 
While a flexible method of looking at COZ futures is called 
for, it is also clear that some formal, organizing method is 
needed. One of the difficulties (and opportunities) with a sub- 
ject like climatic change is that everyone is immediately ready 
to speculate about it. It is not a topic with an intimidating 
technical sound, a topic which quiets an audience, about which 
most of an audience readily assumes that the speaker understands 
more than they and has some knowledge to impart. NOW, of course, 
it is true that the knowledge of so-called experts on climatic 
change is quite limited and uncertain. Still, some basic concepts 
and a variety of possibilities can valuably be brought to people's 
attention, before wild conjecture begins. The board game may be 
a stimulating and effective way of bringing structure to discussions 
of a C02 world. 
Finally, it should be mentioned that the board game is in- 
tended to be complementary to the computer-based game which is 
also being developed. The board game should offer a simple, 
clear portrayal of the overall problem. The computer-based game 
will focus in depth on a few of its most crucial aspects, parti- 
cularly the development of a greatly expanded world coal trade 
which is the prerequisite for the existence of a C02 problem. A 
full gaming experiment might involve during the course of a day 
the playing of both games, as well as discussion and analysis. 
In such an experiment, the board game may be a good means of 
introducing people to the issue, of providing a framework for the 
decisions players will be asked to make in the computer-based 
game. 
2.2 A Possible Design 
Several arrangements for the board game have been explored, 
and experiments will continue in coming months. What follows 
should not be taken as a rigid structllre but as an indication of 
design possibilities and the opportunity for representation which 
the format offers. 
At the most general level, the board game attempts to depict 
a plausible sequence of events and trends between the present and 
a time when serious climatic change may have occurred. It is 
tentatively structured in the following way. There is a path of 
accumulating emissions of C02 along which the Earth is moved on 
the basis of the rate of economic growth of the various players, 
who represent undefined world regions. Individual players receive 
more wealth, the higher is their rate of economic growth. This 
usually means the amount of their C02 emissions is also higher 
because the game assumes players use large amounts of fossil fuels 
unless they make decisions in the game not to do so. From the 
monetary viewpoint, emitting more C02 can be a positive economic 
indicator in the game, a reflection of increasing fossil energy 
consumption, which in the absence of alternative energy policies 
is normally associated with rising domestic product. 
While the players are gaining wealth individually, a variety 
of opportunities arise for them, and various things can happen to 
the Earth, as 6 different categories of spaces on the board are 
encountered. These are: 
E f f e c t s  Spaces  -- where  t h e  e f f e c t s  o f  c l i i n a t i c  change  a n d  
i n c r e a s e d  CO? c o n c e n t r a t i o n s  a r e  f e l t .  These  c a n  b e  p o s i t i v e  o r  
n e g a t i v e ,  a c c o r d i n g  t o  t h e  r o l l s  o f  a  c o s t - b e n e f i t  d i e .  These  
s p a c e s  may a f f e c t  o n e  o r  a l l  o f  t h e  p l a y e r s ;  t h a t  i s ,  t h e  e f f e c t s  
c a n  b e  e i t h e r  r e g i o n a l  o r  g l o b a l .  They i n c l u d e  e f f e c t s  on  a q r i -  
c u l t u r e ,  w a t e r  r e s o u r c e s ,  h e a l t h ,  and  s o  f o r t h .  
A d a p t a t i o n  Spaces  -- where  p l a y e r s  c a n  p u r c h a s e  a d a p t i v e  measu res  
which w i l l  m i t i g a t e  l a t e r  n e g a t i v e  e f f e c t s .  I n d e e d ,  t h e  f i r s t  
s p a c e  i n  t h e  game i s  a n  a d a p t a t i o n  s p a c e ,  where  p l a y e r s  h a v e  t h e  
o p p o r t u n i t y  t o  p u r c h a s e  a n  a s s e s s m e n t  r e p o r t .  (One o f  t h e  b i a s e s  
o f  t h e  game i s  t h a t  r e s e a r c h  i s  c h e a p . )  L a t e r  a d a p t a t i o n  s p a c e s  
i n v o l v e  o p p o r t u n i t i e s  l i k e  deve lopment  o f  more d r o u g h t  r e s i s t a n t  
c r o p  s t r a i n s .  
P r e v e n t i o n  S p a c e s  -- where  p l a y e r s  c a n  a d o p t  s t r a t e g i e s  which 
l a t e r  e n a b l e  them t o  r e d u c e  CO7 e m i s s i o n s .  Thus ,  t h e r e  a r e  op- 
'- 
p o r t u n i t i e s  t o  i n v e s t  i n  c o n s e r v a t i o n ,  o r  s o l a r  e n e r g y ,  o r  n u c l e a r  
e n e r g y ,  o r  t o  e x p l o r e  f o r  more n a t u r a l  g a s ,  which  i s  a  c l e a n e r  
form o f  f o s s i l  f u e l  f rom t h e  p o i n t  o f  v iew o f  C02. One o f  t h e  
i n t e r e s t i n g  b e h a v i o r a l  a s p e c t s  o f  t h e  b o a r d  game may b e  t o  see 
which  p a r t i c u l a r  a l t e r n a t i v e  p o l i c i e s  p l a y e r s  a r e  w i l l i n g  t o  
a d o p t  o n  a c c o u n t  o f  c o n c e r n  a b o u t  c l i m a t i c  change .  
Compensat ion S p a c e s  -- where  p l a y e r s  i n d i v i d u a l l y  and  coope ra -  
t i v e l y  c a n  t a k e  m e a s u r e s  t o  r e d u c e  l e v e l s  o f  C02 i n  t h e  a t m o s p h e r e  
o r  t a k e  o t h e r  measu res  t o  compensa te  f o r  c l i m a t i c  change  t h r o u g h  
p h y s i c a l  means.  These  s p a c e s  t h u s  o f f e r  t h e  o p p o r t u n i t y  t o  p l a n t  
trees t o  a b s o r b  t h e  C02, t o  p i p e  it i n t o  t h e  d e e p  o c e a n s ,  o r  t o  
engage  i n  compensa to ry  w e a t h e r  m o d i f i c a t i o n .  To b e  more t h a n  
m a r g i n a l l y  e f f e c t i v e ,  t h e s e  measu res  become v e r y  c o s t l y .  
S c i e n t i f i c  U n c e r t a i n t y  S p a c e s  -- where  s c i e n t i f i c  c o n t r o v e r s i e s  
i m p o r t a n t  t o  t h e  s e r i o u s n e s s  o f  i n c r e a s e d  C02 a r e  r e s o l v e d .  I t  
t u r n s  o u t  i n  t h e  game, f o r  example ,  t h a t  t h e  o c e a n s  c a n  a b s o r b  
more o r  less h e a t  t h a n  e x p e c t e d ,  o r  t h a t  o t h e r  r e s i d u a l s  l i k e  
o x i d e s  o f  n i t r o g e n  and  a e r o s o l s  e i t h e r  c o u n t e r a c t  o r  i n c r e a s e  
t h e  warming e f f e c t  o f  C02. The consequence  o f  t h e  r e s o l u t i o n  
o f  t h e s e  u n c e r t a i n t i e s  i s  e i t h e r  t o  advance  o r  r e t a r d  t h e  E a r t h ' s  
movement a l o n g  t h e  p a t h  o f  a c c u m u l a t e d  e m i s s i o n s .  I n  d i f f e r e n t  
p l a y s  o f  t h e  game, t h e s e  u n c e r t a i n t i e s  c a n  b e  r e s o l v e d  i n  d i f f e r e n t  
ways,  h e l p i n g  d i s p l a y  t h e  s e n s i t i v i t y  o f  t h e  C02 i s s u e  t o  t h e  
r e s o l u t i o n  o f  t h e s e  q u e s t i o n s .  
Exogenous Event  S p a c e s  -- where  e v e n t s  o c c u r  which a r e  n o t  d i -  
r e c t l y  p a r t  o f  t h e  c a r b o n  c y c l e  o r  c l i m a t i c  c h a n g e ,  b u t  w i l l  s i g -  
n i f i c a n t l y  imp inge  o n  t h e  w e l l - b e i n g  and  p o l i c i e s  o f  t h e  ~ l a y e r s .  
The e v e n t s  i n c l u d e  economic d e p r e s s i o n ,  w a r ,  t e c h n o l o g i c a l  b r e a k -  
t h r o u g h s ,  s t r e n g t h e n i n g  o f  i n t e r n a t i o n a l  i n s t i t u t i o n s ,  and  s o  
f o r t h .  
I n  t h e  e a r l y  p o r t i o n  o f  t h e  b o a r d ,  more and b e t t e r  oppor-  
t u n i t i e s  e x i s t  f o r  p r e v e n t i v e  o r  compensa to ry  measu res .  G r a d u a l l y ,  
p r e v e n t i o n  becomes more c o s t l y ,  and  e f f e c t s  come t o  d o m i n a t e  t h e  
l a t e r  p o r t i o n  o f  t h e  b o a r d .  I f  p l a y e r s  d o  n o t  a d j u s t  t h e i r  e n e r g y  
s t r a t e g i e s ,  o r  c o o p e r a t e  i n  c e r t a i n  ways,  o r  have good l u c k  w i t h  
some of the uncertainties, the game can end with the imminent 
collapse of the West Antarctic Ice Sheet. 
1t is hoped that a Board Game may prove a stimulatina 
method of informal scenario analysis, suitable for a variety of 
audiences. Such an educational activity would seem to have a 
useful place in exploration of the C02 question, given the uncer- 
tainties associated with the issue and its potential importance. 
This kind of gaming will not, of course, answer our many questions 
about a C02 world, but it can serve as a good description of 
the overall issue, showing where individual problems fit and 
how they must be integrated. It may, thus, help define and 
order inputs that subsequent more detailed analyses will require. 
Finally, it may help players explore their own values and pref- 
erences with respect to policies related to preventing a C02 
problem, and with respect to what is important (or not important) 
about climatic change. 
2.3 Listing of Tentative Spaces 
Some spaces which have been used in experimental plays of 
the board game follow. The full instructions relatinq to the 
spaces and the devices used in play are not explained here. A 
fuller explanation of the rules will be prepared when the game 
is in a version which is less likely to undergo significant 
revision. For the present, the spaces should be regarded pri- 
marily as indicative of the possible categories and specific 
contents of a board game. Comments and suggestions are most 
appreciated. 
3 .  LISTING OF POSSIBLE SPACES FOR A C02 BOARD GAME 
EFFECTS SPACES ( I n  p o s s i b l e  c h r o n o l o g i c a l  s e q u e n c e )  
El -- ON ESTUARIES AND SALT MARSHES OF CHANGES I N  CONTINENTAL 
CONDITIONS 
A p o s s i b l e  e a r l y  e f f e c t ,  b e c a u s e  o f  t h e  d e l i c a t e  n a t u r e  
o f  c o a s t a l  a r e a s .  Look f o r  c h a n g i n g  b i o l o g i c a l  p r o d u c -  
t i v i t y  and  community s t r u c t u r e  a l o n g  t h e  c o a s t l i n e .  
You a r e  a  " c o a s t a l "  p l a y e r  and  t h i s  w i l l  p r o b a b l y  b e  p e r -  
c e i v e d  n e g a t i v e l y .  R o l l  t o  f i n d  o u t  how n e g a t i v e l y  you 
are a f f e c t e d .  
E 2  -- ON NORTHERN ECOSYSTEMS 
You a r e  a  h i g h  l a t i t u d e  r e g i o n .  The g r e a t e s t  t e m p e r a t u r e  
change  i s  a t  t h e  p o l e ,  so n o r t h e r n  e c o s y s t e m s  may change  
w e l l  b e f o r e  c h a n g e  i s  e v i d e n t  a t  t h e  E q u a t o r .  W i l l  t h i s  
p r o v i d e  a g r i c u l t u r a l  o p p o r t u n i t i e s ?  O r  w i l l  t h e  s o i l s  be  
p o o r  and  t h e  uround  t o o  swa~npy? P.011 t o  f i n d  o u t .  
E3 -- OF STRESS FROM CLIYATE ON ECONOMIC CROP PLANTS 
One o f  t h e  e a r l y  ways climate c h a n g e  i s  l i k e l y  t o  
m a n i f e s t  i t s e l f  i s  t h r o u g h  c h a n g i n g  o c c u r r e n c e  o f  e x t r e m e s  
o r W w e a t h e r  s t r e s s . "  W i l l  t h e r e  b e  r e c o r d  f l o o d s  and  h a i l ,  
o r  w i l l  t h e y  d i m i n i s h ?  R o l l .  Eve ryone .  
E,, -- ON FRESH WATER ECOSYSTEMS 
You h a v e  l o t s  o f  l a k e s  i n  y o u r  r e g i o n .  S h a l l o w  w a t e r  
b o d i e s  may b e  among t h o s e  a s p e c t s  o f  t h e  e n v i r o n m e n t  
whe re  c l i m a t i c  c h a n g e  f i r s t  m a n i f e s t s  i t s e l f .  N e i t h e r  
e x p a n d i n g  n o r  s h r i n k i n g  l a k e  s h o r e s  are  l i k e l y  t o  b e  
p a p u l a r .  R o l l  t o  f i n d  o u t  how much o f  a  p rob lem it i s  
E5 -- ON TUNDRA AND TERRESTRIAL CRYOSPHERE 
You a r e  a n  a r c t i c  r e g i o n .  W i l l  y o u r  p r o b l e m s  o f  e n g i -  
n e e r i n g  e a s e  o r  i n c r e a s e ?  What w i l l  b e  t h e  i m p a c t s  on 
m i n e r a l  e x p l o i t a t i o n ,  t r a n s p o r t a t i o n ,  and  c o u r i s m ?  R o l l  
t h e  d i e .  
E6 -- ON WATER RESOURCES 
What w i l l  happen  t o  t h e  q u a n t i t y  and  q u a l i t y  o f  y o u r  
w a t e r ?  R o l l  t h e  d i e .  Eve ryone .  
E, -- ON G R A Z I N G  LAND AND ANIMAL HUSBANDRY 
These  are i m p o r t a n t  t o  y o u r  r e g i o n .  s t h e r e  b e t t e r  p a s t u r e ,  
o r  a r e  y o u r  a n i m a l s  d y i n n  of  t h e  h e a t ?  9011 t h e  d i e  t o  F i n d  o u t .  
ON FOREST ECOLOGY 
Geographic s h i f t  i n  s p e c i e s ,  f a u n a l  m i g r a t i o n ,  and t h e  
f requency  o f  f i r e  and d r o u g h t  c o u l d  a l l  e f f e c t  your  
l a r g e  f o r e s t  a r e a s .  R o l l  t h e  d i e  t o  f i n d  o u t  whe the r  i t  
is b e n e f i c i a l  o r  c o s t l y .  
ON COMPETING ENVIRONMENTAL SYSTEMS 
W e  a r e  a d a p t e d  t o  t h i n g s  t h e  way t h e y  a r e .  " C o n s e r v a t i v e "  
a t t i t u d e s  towards  e n v i r o n m e n t a l  change s u g g e s t  an i n i t i a l  
n e g a t i v e  r e a c t i o n .  But how s e r i o u s ?  R o l l  t h e  d i e .  
Everyone. 
BROAD EFFECTS ON AGRICULTURE 
P r o d u c t i o n  may b e  d r a m a t i c a l l y  a l t e r e d  i n  some a r e a s .  
R o l l  t h e  d i e  and d o u b l e  t h e  f a c e  v a l u e  t o  f i n d  o u t  
whether  it i s  good o r  bad f o r  you. Everyone. 
ON PLANT PROTECTION FROM PESTS AND PATHOGENS 
There  may be s i g n i f i c a n t  i n c r e a s e s  i n  t h e  magni tude  o f  
problems a s s o c i a t e d  w i t h  p r o t e c t i o n  o f  p l a n t s  from p e s t s .  
R o l l  t h e  d i e  t o  f i n d  o u t  how s e r i o u s  it is.  Everyone. 
ON OCEAN BIOTA 
F i s h e r i e s  a r e  i m p o r t a n t  t o  your  r e g i o n .  W i l l  t h e r e  b e  
more o r  f ewer  f i s h ?  B e n e f i c i a l  o r  ha rmfu l  e f f e c t s  on t h e  
mar ine  food c h a i n ?  A r e  t h e  s h i f t s  i n  l o c a t i o n  o f  s t o c k s  
advan tageous  o r  awkward? R o l l  t h e  d i e  t o  f i n d  o u t .  
OF CLIMATE CHANGE ON SOIL ORGANIC MATTER 
Your r e g i o n  h a s  f r a g i l e  s o i l s .  Tempera ture  r ise a c c e l e r -  
a t e s  o x i d a t i o n  o f  s o i l  o r g a n i c  m a t t e r ,  e s p e c i a l l y  under  
i n t e n s i v e  s o i l  c u l t i v a t i o n  p r a c t i c e s .  Pay t h e  bank. R o l l  
t h e  d i e  t o  f i n d  o u t  how much. 
ON MANAGED FORESTS 
A l l  r e g i o n s  want  wood. R o t a t i o n  t i m e  i n  f o r e s t  manage- 
ment may b e  s h o r t e n e d .  But w i l l  new p e s t s  o r  w a t e r  
d e f i c i e n c i e s  outweigh t h i s ?  R o l l  t h e  d i e  t o  f i n d  o u t .  
Everyone. 
ON PHOTOSYNTHESIS AND PRODUCTIVITY OF AGRICULTURAL PLANTS 
FROM C02 INCREASE 
There  s h o u l d  be  i n c r e a s e d  growth from C 0 2  f e r t i l i z a t i o n ,  
and a v a r i e t y  o f  e f f e c t s  on s p e c i e s ' l i f e  c y c l e ,  phenology,  
and y i e l d  o f  u s a b l e  p r o d u c t .  E x p e r t s  t h i n k  t h e  r e s u l t  
w i l l  b e  p o s i t i v e ,  b u t  how much? R o l l  t h e  d i e .  Everyone. 
HEATING AND AIR-CONDIT I ONI NG 
Your r e g i o n  u s e s  l o t s  o f  it. Space h e a t i n g  and a i r -  
c o n d i t i o n i n g  r e q u i r e m e n t s  may i n c r e a s e  o r  d e c r e a s e  f o r  
you. R o l l  t h e  d i e  t o  f i n d  o u t .  
E17 
-- ON ARCTIC SEA ICE 
W i l l  t h e r e  b e  r e d u c t i o n ?  D i s a p p e a r a n c e ?  W i l l  t h i s  
i n c r e a s e  f o r  y o u r  r e g i o n  t h e  p o s s i b i l i t y  o f  m i n e r a l  
e x t r a c t i o n  i n  t h e  A r c t i c  and  i t s  u s e f u l n e s s  f o r  t r a n s -  
p o r t a t i o n ?  R o l l  t h e  d i e  t o  f i n d  o u t .  
The a d j u s t m e n t  c o s t s  and  p o s s i b l e  p o l i t i c a l  stresses 
a r i s i n g  f rom c l i m a t e - i n d u c e d  p o p u l a t i o n  movements may 
b e  g r e a t .  A l l  p l a y e r s  r o l l  t h e  d i e  t o  f i n d  o u t .  
E19 -- PROBLEMS OF LOCATION 
Some o f  y o u r  f a c i l i t i e s  a r e  no  l o n g e r  l o c a t e d  i n  app ro -  
p r i a t e  e n v i r o n m e n t s .  R e l o c a t i o n ,  c a p a c i t y  e x p a n s i o n ,  
new i n d u s t r i a l  d e v e l o p m e n t  may i n v o l v e  a d d e d  costs  
b e c a u s e  o f  c l i m a t i c  change .  You a r e  n o t  l i k e l y  t o  
b e n e f i t  s i n c e  y o u r  i n f r a s t r u c t u r e  i s  a d a p t e d  t o  t h e  
p r e s e n t  cl imate.  Everyone  r o l l s  t o  f i n d  o u t  how much 
t o  pay .  
E20 
-- BROAD EFFECTS ON AGRICULTURE ( s e c o n d  t i m e )  
P r o d u c t i o n  may b e  d r a m a t i c a l l y  a l t e r e d  i n  some a r e a s .  
Eve ryone  r o l l s  t h e  c o s t - b e n e f i t  d i e  a n d  d o u b l e s  t h e  f a c e  
v a l u e  t o  f i n d  o u t  w h e t h e r  it is good o r  b a d  f o r  them.  
E21 -- ON EFFICIENCY OF WATER USE I N  PLANTS 
C02 e n r i c h m e n t  i n c r e a s e s  r a t i o  o f  p h o t o s y n t h e s i s  t o  
t r a n s p i r a t i o n .  A 10% i n c r e a s e  i n  w a t e r  u s e  e f f i c i e n c y  
c o u l d  come w i t h  a  d o u b l i n g  o f  a t m o s p h e r i c  C02. T h i s  i s  
a  b e n e f i t  f o r  y o u r  r e g i o n ,  b u t  r o l l  t h e  d i e  t o  f i n d  o u t  
how much. 
E22 " OF INCREASED C02 AND CLIMATIC CHANGE ON HUMAN HEALTH 
W i l l  t h e r e  b e  more p l e a s a n t  c l i m a t e s ?  W i l l  h i g h e r  
t e m p e r a t u r e s  and  g r e a t e r  f r e q u e n c y  o f  e x t r e m e  e p i s o d e s  
h a v e  n e g a t i v e  e f f e c t s ?  W i l l  C 0 2  a c c e l e r a t e  t h e  a g i n g  
p r o c e s s ?  R o l l  t h e  d i e  t o  f i n d  o u t .  Eve ryone .  
E23 
-- THE COLLAPSE OF THE WEST ANTARCTIC ICE SHEET I S  IbII~IINENT 
The sea l e v e l  w i l l  r ise  5 t o  10 meters w i t h i n  a few 
c e n t u r i e s .  A l l  p l a y e r s  g i v e  t h e i r  money t o  t h e  b s n k  t o  
s t a r t  b u y i n g  b o a t s  o r  b u i l d i n g  s h e l t e r s  t o  accommodate 
a l l  t h e  new i m m i g r a n t s .  
ADAPTATION SPACES ( i n  p r o p o s e d  Tame s e q u e n c e )  
A, -- PURCHASE OF ASSESSMENT REPORT 
The f i r s t  measu re  p e o p l e  a r e  t a k i n g  i s  t o  s t u d y  t h e  
problem.  It costs  money, b u t  n o t  much, and you a r e  
p r e p a r e d  f o r  y o u r  f i r s t  e f f e c t .  
A% 
-- STOCKPILES 
S a v e  f o r  m i t i g a t i o n  o f  a f u t u r e  e f f e c t .  But  you h a v e  
t o  pay  t h e  bank a l i t t l e  now. 
A3 -- INSURANCE 
Buy some f rom t h e  bank .  I t  w i l l  c a n c e l  o u t  y o u r  n e x t  
n e g a t i v e  e f f e c t .  
A4 -- CONTINGENCY PLANS 
You are p r e p a r e d  f o r  demograph ic  s h i f t s ,  f o r  example .  
Buy f rom t h e  bank  a n d  you c a n  s k i p  y o u r  n e x t  n e g a t i v e  
e f f e c t .  
AS -- INVESTMENT I N  STRATEGIES TO MITIGATZ DISRUPTION 
F o r  example ,  you h a v e  d e v e l o p e d  more d r o u g h t  r e s i s t a n t  
c r o p  s t r a i n s  and  f l e x i b l e  w a t e r  s u p p l y  s y s t e m s .  
PREVENTION SPACES ( i n  p roposed  game s e q u e n c e )  
PI  -- SOLAR 
Give  g r e a t e r  e m p h a s i s  t o  r e s e a r c h  on  s o l a r  t e c h n o l o g i e s  
f o r  g e n e r a t i o n  o f  e l e c t r i c i t y  and  p r o d u c t i o n  o f  f l u i d  
f u e l s  f o r  t r a n s p o r t a t i o n .  
( 3  p r e v e n t i o n  u n i t s  may b e  p u r c h a s e d  a t  1  c h i p / u n i t )  
P2 -- CONSERVATION 
I n c e n t i v e s  f o r  e n e r g y  c o n s e r v a t i o n  a r e  i n c r e a s e d ,  p a r t l y  
t h r o u g h  p o l i c i e s ,  and  p a r t l y  b e c a u s e  o f  h i g h  c a p i t a l  
costs  o f  e n e r g y  deve lopmen t .  
( 2  p r e v e n t i o n  u n i t s  may b e  p u r c h a s e d  a t  1  c h i p / u n i t )  
P3 -- NATURAL GAS 
P r o v i d e  a s s i s t a n c e  i n  e x p l o r a t i o n  f o r  and  e x p l o i t a t i o n  o f  
n a t u r a l  g a s  r e s e r v e s .  
( 1  p r e v e n t i o n  u n i t  may b e  p u r c h a s e d  a t  1  c h i p / u n i t )  
Po -- NUCLEAR 
Rapid  e x p a n s i o n  o f  n u c l e a r  power i n  d e v e l o p e d  c o u n t r i e s  
w i t h  less c o a l  r e s e r v e s  t h a n  t h e  U n i t e d  S t a t e s  2nd t h e  
S o v i e t  Union. 
( 3  p r e v e n t i o n  u n i t s  may b e  p u r c h a s e d  a t  2 c h i p s / u n i t )  
P5 -- CARBON TAX 
I n s t i t u t i n g  a  c a r b o n  t a x  e n c o u r a g e s  s h i f t  t o  n o n - f o s s i l  
and  c l e a n e r  f o s s i l  f u e l s .  
( 2  p r e v e n t i o n  u n i t s  may b e  p u r c h a s e d  a t  2 c h i p s / u n i t )  
P6 -- IMPROVE LAND USE 
Slow down e x p a n s i o n  o f  a g r i c u l t u r e  i n t o  f o r e s t e d  l a n d s  
and  i n t r o d u c e  improved s y l v i c u l t u r a l  p r a c t i c e s .  
( 1  p r e v e n t i o n  u n i t  may b e  p u r c h a s e d  f o r  2 c h i p s / u n i t )  
P, -- BREEDERS 
Encourage  deve lopmen t  o f  n u c l e a r  power,  i n c l u d i n g  b r e e d e r s ,  
i n  t h e  more advanced  l e s s - d e v e l o p e d  c o u n t r i e s  s u c h  a s  
B r a z i l  and  I n d i a .  
( 2  p r e v e n t i o n  u n i t s  may b e  p u r c h a s e d  a t  3  c h i p s / u n i t )  
P8 -- HYDRO 
S u b s i d i z e  c a p i t a l  f o r  deve lopment  o f  h y d r o e l e c t r i c  power.  
( 1  p r e v e n t i o n  u n i t  may b e  p u r c h a s e d  a t  3  c h i p s / u n i t )  
Pg -- BIOMASS 
Encourage development of biomass fuels in tropical less- 
developed countries. 
(1 prevention unit may be purchased at 3 chips/unit) 
P1o 
-- LOCAL GENERATION 
Substitute small scale dispersed generation of electricity, 
using locally available sources, for large-scale 
centralized generation. 
(1 prevention unit may be purchased at 3 chips/unit) 
P1l -- CARBON RESIDUALS PERMITS 
Create a market in C02 permits to limit use of coal and 
other fossil fuels, and make the emissions much more 
costly. 
(1 prevention unit may be purchased at 4 chips/unit) 
P12 -- LIABILITY 
Your government and judicial systems accept the principle 
of assigning liability for damages on account of climatic 
change. No one wants to be blamed, so it is a way to 
reduce emissions. 
(1 prevention unit may be purchased at 4 chips/unit) 
'1 3 
-- AMBIENT C02 STANDARDS 
You can adhere to the Global Environmental Protection 
Agency which has just set the standard. 
(1 prevention unit may be purchased for 5 chips/unit) 
COMPENSATION SPACES (in proposed game sequence) 
C1 -- DECREASE C02 IN THE ATMOSPHERE THROUGH REFORESTATION. 
Plant millions of trees to transfer carbon to the 
long-term biosphere. 
C2 -- DECREASE C02 IN THE ATMOSPHERE BY DEPOSITING IN SOIL 
CARBON BANKS. 
Grow short-lived plants for conversion to humus and 
artificial peat bogs. 
C3 -- LIMIT ATMOSPHERIC C02 BY BIOLOGICAL TRANSFER TO THE 
DEEP OCEAN 
Supply phosphates and nitrates to surface waters to fer- 
tilize growth of marine organisms. These will incorporate 
lots of carbon and eventually sink and settle safely at 
the sea floor. 
C4 -- WEATHER MODIFICATION 
Intentional weather and climate modification and other 
human actions outside the carbon cycle may become a way 
to compensate for the increased level of atmospheric C02. 
C5 -- LIMIT ATMOSPHERIC C02 BY PHYSICAL TRANSFER TO THE DEEP 
OCEANS 
Build pipelines to deliver C02 to the Straits of Gibraltar 
where currents will take the C02 safely down to the 
abyssal depths. 
C6 -- EXTRACT C02 FROM THE ATMOSPHERE AND CONVERT TO METHANOL 
Use solar or nuclear-generated electricity to extract 
, C02 from the atmosphere and convert it to a liquid hydro- 
carbon. 
CARDS FOR SCIENTIFIC UNCERTAINTY SPACES ( n o t  t o  o c c u r  i n  t h i s  o r d e r )  
CLIMATE MODEL IMPROVEMENT 
Cloud f e e d b a c k  and  o t h e r  p r o c e s s e s  a r e  b e t t e r  i n c o r p o r a t e d  i n t o  
models .  R o l l  t h e  d i e  t o  f i n d  o u t  w h e t h e r  t h i s  i n c r e a s e s  o r  
d e c r e a s e s  t h e  C02 e f f e c t .  
NON-C02 ANTHROPOGENIC INFLUENCES ON CLIMATE 
R o l l  t h e  d i e  t o  f i n d  o u t  w h e t h e r  c h l o r o f l u o r o c a r b o n s ,  NOx and  
o t h e r  f a c t o r s  add  t o  o r  s u b t r a c t  f rom t h e  C 0 2  e f f e c t .  
OCEAN THERMAL BUFFERING 
The o c e a n s  may o r  may n o t  a b s o r b  h e a t  a t  t h e  c a l c u l a t e d  r a t e s .  
R o l l  t h e  d i e  t o  a d v a n c e  o r  g o  b a c k .  
OCEAN CHEMICAL BUFFERING 
The o c e a n s  may a b s o r b  a  l a r g e r  f r a c t i o n  o f  C02, o r  t h e  o c e a n s  may 
a b s o r b  a  smaller f r a c t i o n  o f  C02, a n d  a s  i t  g e t s  warmer t h e y  may 
e v e n  s t a r t  t o  b u b b l e  i t  o u t  i n t o  t h e  a t m o s p h e r e !  R o l l  t h e  d i e  
t o  f i n d  o u t  f o r  t h e  E a r t h  wh ich  way t h i s  u n c e r t a i n t y  i s  r e s o l v e d .  
NATURAL CLIMATIC CHANGE 
I t ' s g e t t i n g  w a r m e r .  I t ' s  g e t t i n g  c o o l e r .  R o l l  t h e  d i e  t o  f i n d  
o u t  w h e t h e r  t h e  E a r t h  s h o u l d  a d v a n c e  o r  move b a c k .  
THE BIOFnHEPE HPS BEEN fl- S T M K  CQ2 
U n f o r t u n a t e l y ,  t h i s  i m p l i e s  t h a t  t h e  f r a c t i o n  o f  C02 r e m a i n i n v  a i r -  
b o r n e  f rom f o s s i l  F u e l  b u r n i n n  i s  l a r q e r ,  and t h i s  F e a n s  t h e  accu-  
m u l a t i o n  o f  e ~ i s s i o n s  o c c u r s  " a s t e r .  p o l l  t h e  d i e  t o  F ind  o u t  how 
many s p a c e s  t o  advance  t h e  E a r t h .  Rut it s l s o  r e a n s  t h e  b iomass  i s  
growing ,  s o  c o l l e c t  a c h i -   fro^ t h e  bank .  
THE BIOSDHEPE 'HPS BEEN I' SCUP.CE OF C 0 2  
F o r t u n a t e l v ,  t h i s  s u q ~ e s t s  t h a t  t h e  f r a c t i o n  O F  Cn2 rema!-ninn a i r -  
b o r n e  from C02 i n - u t s  i s  l o w e r  and  t h e  a c c u m u l a t i o n  o F  e ~ i s s i o n s  
w i l l  o c c u r  more s l o w l y .  D o l l  t h e  d i e  t o  f i n d  o u t  how pan17 s n a c e s  
t o  s e n d  t h e  E a r t h  back .  A l a s ,  it a l s o  F e a n s  m u  have  s u f f e r e d  
s e v e r e  r e q i o n a l  n rob lems   fro^ deforestation, For which you pav t h e  
bank one  c h i p .  
CARDS FOR EXOGENOUS EVENT SPACES - ( n o t  t o  o c c u r  I n  t h i s  o r d e i )  
TECHNOLOGICAL BREAKTHROUGH 
Decoup l ing  o f  c a r b o n  e m i s s i o n - e n e r g y  p r o d u c t i o n  r e l a t i o n s h i p .  
From now on  t h e  E a r t h  a d v a n c e s  o n e  less  s p a c e  t h a n  t h e  d i a l  
i n d i c a t e s ,  b u t  c o l l e c t  t h e  i n d i c a t e d  c h i p s .  F o r  s t i m u l a t i n g  
t h e  b r e a k t h r o u g h  you c o l l e c t  2 GDP c h i p s  f rom t h e  bank .  
STRENGTHENING OF INTERNATIONAL AGENCIES PND INSTITUTIONS 
The p l a y e r s  c o l l e c t i v e l y  r e c e i v e  o n e  p r e v e n t i o n  c a r d  t o  p l a y  
when t h e y  a l l  a g r e e .  
WEAKENING OF INTERNATIONAL AGENCIES AND INSTITUTIONS 
Next t i m e  t h e  E a r t h  l a n d s  on a c o m p e n s a t i o n  s p a c e ,  t h e  mea.ns 
t o  o r g a n i z e  c o o p e r a t i v e  i n t e r n a t i o n a l  e f f o r t s  i s  l a c k i n g ,  s o  
t h e  E a r t h  c a n n o t  move more t h a n  o n e  s p a c e  backwards .  
SCENARIOS OF FUTURE CLIMATIC CHANGE ARE DEVELOPED 
Models and  h i s t o r i c a l  a n a l o g u e s  p r o d u c e  maps o f  t h e  c l i m a t e  
o f  t h e  f u t u r e .  The d i s t r i b u t i v e  i s s u e s  a r e  h e i g h t e n e d .  R o l l  
t h e  d i e  t o  f i n d  o u t  w h e t h e r  you g i v e  t o  o r  r e c e i v e  f rom t h e  
p l a y e r  on y o u r  l e f t .  Eve ry  p l a y e r  t a k e s  a t u r n .  
FUSION 
C o l l e c t  w e a l t h  b u t  d o  n o t  advance  E a r t h  f o r  n e x t  2 s p i n s  o f  t h e  
economic g rowth  d i a l .  
LIMITED WAR 
Pay h a l f  y o u r  a c c u m u l a t e d  w e a l t h  t o  t h e  bank  and  p i c k  a n o t h e r  
p l a y e r  t o  d o  t h e  same. 
INTERNATIONAL MONETARY SYSTEM I N  CRISIS 
You c a n ' t  g e t  bank l o a n s  t o  f i n a n c e  y o u r  c a r b o n  i m p o r t s .  You 
advance  o n e  s p a c e  less t h a n  p l a n n e d  ( g o  b a c k  one  s p a c e ) ,  and  
pay  t h e  bank o n e  GDP c h i p  f o r  premium i n t e r e s t  r a t e s .  
THERE I S  POLITICAL CHAOS I N  CARBON PRODUCING AREAS 
Temporary c u t b a c k s  i n  c a r b o n  f u e l s  u s a q e .  Advance t h e  Economic 
Growth c o u n t e r  one  tirne p e r i o d ,  w h i l e  t h e  E a r t h  s t a n d s  s t i l l .  
NATURAL DISASTER 
There  i s  a n  e a r t h q u a k e  i n  y o u r  c o u n t r y .  R o l l  t h e  d i e  t o  f i n d  
o u t  how b i g  it i s ,  and  pay t h e  bank .  
A C I D  R A I N  
You a r e  a " p r o d u c e r "  a f  a c i d  r a i n .  To r e d u c e  s u l f a t e  e m i s s i o n s ,  
you t r y  t o  c u t  back  on b u r n i n g  o f  c o a l ,  b u t  e m i s s i o r  c o n t r o l .  makes 
you l e s s  e n e r g y  e f f i c i e n t ,  so C02 r e l e a s e  r e m a i n s  t h e  same. But  
pay t h e  p l a y e r  on y o u r  r i g h t  one  GDP c h i p  f o r  t h e  damage you have  
c a u s e d .  
NUCLEAR DISASTER 
It's costly, so pay the bank one GDP chip, and it necessitates 
qreater use of fossil fuels, so advance the Earth two spaces. 
UNREST IN YOUR COAL MINING UNIONS 
You unexpectedly have to import to meet domestic carbon demand. 
Give one GDP chip to the player on your left. 
EVIDENCE CLIMATIC CHANGE 
There is dramatic evidence of human-induced change. Public 
pressure for preventive and compensatory measures increases, no 
matter what the cost. Every player pays the bank one GDP unit 
to move the earth back one space. 
DROUGHT IN THE SAHEL 
There is another terrible drought in the poor arid lands bordering 
the Southern Sahara. Only this time the affected countries 
attribute the drought to human-induced climatic change brouuht 
about by heavy energy use in the rich countries. The richest 
player gives one GDP unit to each of the two poorest players. 
FOREIGN EXCHANGE 
You don't have the foreign exchange to buy carbon fuels. You 
are forced to an alternative energy strategy. Go back to where 
the Earth started the turn. Do not collect GDP chips. In fact, 
pay the bank 2 for extra investment costs. 
CLEANER FOSSIL FUEL 
There is discovery and exploitation of large natural gas 
resources in your less-developed region where modern 
geological and geophysical exploration methods for hydrocarb~ns 
have just begun to be used. 
DEPRESSION 
There is a decrease in economic activity, which can lead to 
reduced C02 emissions, hut mostly you just shift to cheaper, 
dirtier fuels. Do not collect your GDP chips. And you are too 
poor to maintain preventive or adaptive measures--environmental 
protection is a luxury--give up a prevention cr adaptation 
card, if you have one. 
MISCELLANEOUS SPACES 
CARTEL 
The US, USSR, and  Ch ina  are e s t i m a t e d  t o  h o l d  o v e r  8 0 %  of t h e  
w o r l d ' s  a v a i l a b l e  c a r b o n  w e a l t h .  When t h e  E a r t h  l a n d s  h e r e ,  it 
means t h e y  form a ca r t e l  t o  l i m i t  t h e  w o r l d  c o a l  t r a d e .  T h i s  
e f f e c t i v e l y  c o n t r o l s  C 0 2  e m i s s i o n s .  A s  l o n g  a s  t h e  c a r t e l  
s u r v i v e s ,  t h e  E a r t h  s t a y s  w i t h i n  a  c o n t r o l l e d  r a n g e .  E n t e r  t h e  
l o o p .  
ECONOMIC PERFOPJIANCE 
A l l  p l a y e r s  c o u n t  u p  t h e i r  w e a l t h .  Any p l a y e r  who h a s  n o t  
accumula t ed  c h i p s  a t  l e a s t  e u u a l  t o  t h e  number of  t i m e s  h e  h a s  
spun t h e  economic g rowth  d i a l  i s  n o t  m e e t i n g  t h e  e x p e c t a t i o n s  
o f  t h e  p e o p l e .  You have  been  s p e n d i n g  t o o  much on e n v i r o n m e n t a l  
p r o t e c t i o n  and n o t  enough t o  meet t h e  n e e d s  o f  t h e  p r e s e n t .  O r  
maybe it i s  j u s t  bad  l u c k .  I n  e i t h e r  case, y o u r  government  i s  
o v e r t h r o w n ,  and  you l o s e  y o u r  v o i c e  a s  a d e c i s i o n - m a k e r .  
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